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 RESUMO 
A perda da oclusão funcional normal devido à perda dental ou contatos prematuros, 
aparentemente, influenciam a estrutura tridimensional do côndilo da mandíbula. O 
objetivo deste estudo foi avaliar, em períodos distintos e progressivos, a morfologia bi 
e tridimensional do côndilo da mandíbula em ratos adultos submetidos à condição 
experimental de alteração no plano oclusal dental posterior. Foram utilizados 20 ratos 
machos (Rattus norvegicus albinus), linhagem Wistar, com 2 meses de idade. Ao 
completarem 2 meses de idade, foi realizada a aplicação unilateral (lado direito) de 
resina composta fotopolimerizável nos molares superiores em 15 ratos, simulando 
uma condição de contato prematuro posterior. Em seguida, estes animais foram 
distribuídos em 3 subgrupos (n=5) de acordo com o período de eutanásia: 7, 14, e 21 
dias pós aplicação da resina. Constituíram o grupo controle, cinco animais que tiveram 
mantida a dentição normal (sem aplicação da resina). Estes foram eutanasiados após 
21 dias a partir da idade inicial (2 meses). As cabeças de todos os ratos foram 
submetidas à microtomografia computadorizada em um microtomógrafo SkyScan 
1174. Após a reconstrução tridimensional, as medidas para o cálculo do volume do 
côndilo da mandíbula foram realizadas no software CT-Analyzer. Também foram feitas 
análises morfométricas para determinação das distâncias anteroposterior e látero-
lateral do côndilo da mandíbula direita de cada rato. Os dados foram submetidos ao 
teste one way ANOVA para comparar a diferença entre os períodos avaliados, 
considerando um nível de significância de 5%. Assim, para cada parâmetro avaliado, 
análises univariadas repetidas foram realizadas para comparar a diferença do grupo 
controle com os períodos, 7, 14 e 21 dias. A distância anteroposterior apresentou 
diferença significativa entre o controle e todos os períodos avaliados (P < 0,0001). 
Para a distância látero-lateral houve diferença significativa entre o 7 dias e o 14 dias 
(C) (P < 0,0001), e entre o 14 dias e o 21 dias (D) (P < 0,0001). O volume da região 
anterior mostrou a redução da medida até 14 dias quando comparamos com o grupo 
controle (P = 0,0637). Para o volume da região posterior do côndilo houve diferença 
significativa entre o 7 dias e o 14 dias (P = 0,0005), e entre o 14 dias e o 21 dias (P = 
0,0005), neste último, verificou-se que o volume da região posterior aumentou do 14 
para o 21 dias. Os resultados deste estudo foram de acordo com a nossa hipótese de 
que a presença do contato prematuro resulta em mudanças morfológicas, as quais 
foram demonstradas pelas significativas diferenças encontradas tanto nas dimensões 
quanto no volume ósseo quando comparamos o grupo controle com os períodos 
avaliados. 
Palavras-Chave: Oclusão, Morfologia, Remodelação óssea, Rato. 
  
 ABSTRACT 
The loss of normal functional occlusion due to tooth loss or premature contacts 
apparently influence the three-dimensional structure of the mandibular condyle. The 
aim of this study was to evaluate, in different and progressive periods, the bi and three-
dimensional morphology of the mandibular condyle in adult rats under experimental 
condition of change in dental occlusal plane. Twenty male rats (Rattus norvegicus 
albinos), Wistar linage, with 2 months of age (weight, 200-250g) were randomly divided 
into two separate groups for the experiments. In the group 1 (n=15) we performed the 
unilateral application was carried out (right side) of light-cured composite resin (Fill 
Magic - Vigodent) in the upper molars, simulating a posterior premature contact 
condition. Then these animals were divided into 3 subgroups (n = 5) according to the 
euthanasia period: 7, 14, and 21 days after application of the resin.  In the group 2 
(n=5) the dentition was maintained without occlusal change (without application of 
resin). From the early age (two months), the animals were euthanized 21 days. The 
specimens were submitted to micro-CT scanning with a peak voltage of 50 kV, 
amperage of 800 mA. We performed the morphometric analysis in specimens of 
mandibular condyle obtained (mandibular condyle right of each rat). After the three-
dimensional reconstruction of the right mandibular condyle, measurements to calculate 
the ratio of bone volume to tissue volume (BV / TV) were performed in the CT-Analyzer 
software. The data were submitted to the test one way ANOVA to compare the 
difference between the periods evaluated, considering a 5% significance level. Thus, 
for each evaluated parameter, repeated univariate analyzes were performed to 
compare the difference in the control group with periods, 7, 14 and 21 days. The 
distance anteroposterior show significant difference between the control and all 
periods (P <0.0001). For latero-medial distance was no significant difference between 
7 days and 14 days (C) (P <0.0001), and between 14 days and 21 days (D) (P 
<0.0001). The volume of the anterior region show a reduction of the measure until the 
14-day when comparing with the control group (P = 0.0637). For the volume of the 
posterior region of the mandibular condyle was no significant difference between 7 
days and 14 days (P = 0.0005) and between 14 days and 21 days (P = 0.0005). In D 
we found the increased volume of the posterior region of 14 for 21 days. The results 
of this study were in according with our hypothesis that the presence of premature 
contact (change in dental occlusal plane) results in morphological changes in the 
mandibular condyle of rat model.  
Keywords: Occlusion, Morphology, Bone remodeling, Rat. 
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1  INTRODUÇÃO 
A articulação temporomadibular é assim denominada por envolver os 
ossos mandíbula e temporal. A articulação temporomandibular (ATM) é uma 
articulação bilateral sinovial que possui disco articular fibrocartilaginoso, 
localizado entre a fossa mandibular do osso temporal e o côndilo da mandíbula 
(Herring et al., 2002). Classificada como sinovial, que permite movimentos 
significativos, possui o temporal e a mandíbula unidos e circundados por uma 
cápsula, criando uma cavidade articular, preenchida por líquido sinovial (Cate & 
Nanci, 2008). 
No adulto, os côndilos da mandíbula são compostos por osso esponjoso, 
coberto por uma delgada camada de osso compacto revestido por uma espessa 
camada de tecido conjuntivo fibroso. As trabéculas ósseas se orientam de modo 
a alcançar um ângulo reto com a camada de cobertura, aumentando, assim, a 
resistência do côndilo. O tecido ósseo tem dois componentes básicos: células e 
matriz orgânica, sobre a qual se depositam os componentes inorgânicos (Cate 
& Nanci, 2008). 
Sabe-se que os ossos e articulações do esqueleto craniofacial funcionam 
em um ambiente de forças mecânicas que influenciam a posição e a forma 
relativa de cada osso por meio de um processo de adaptação biológica 
denominado remodelação óssea (Moffett,1973). Durante a mastigação, forças 
complexas são exercidas sobre os ossos faciais e os componentes da ATM. Para 
se adaptar a novas situações fisiológicas ou patológicas, como nas, sobrecargas 
ocorridas pela ausência de dentes, o osso está em constante remodelação, por 
meio de reabsorção e deposição de matriz óssea (Jacobs et al., 2010).   
Um problema clínico comum que pode acometer a região craniofacial, é a 
alteração do plano oclusal, que pode ocorrer por diversos fatores, como: 
restaurações mal confeccionadas, perdas dentais, próteses fixas mal adaptadas, 
entre outros fatores (Pirttiniemi,1994). 
Alterações oclusais podem ocasionar o deslocamento para anterior ou 
posterior da posição do côndilo da mandíbula, que normalmente ocupa o centro 
da fossa mandibular, e dessa froma passa a causar intermitentes cargas 
excessivas sobre os tecidos constituintes da ATM. Na literatura, já foi 




e o deslocamento condilar resultante de alterações oclusais dentais (Ujigawa et 
al., 2007). 
Um pressuposto básico em estudos de morfologia comparativa é que os 
elementos do esqueleto humano refletem, de certo forma, o seu ambiente de 
carregamento in vivo. Na face, a mandíbula é considerada uma estrutura que 
mantém relações entre a articulação temporomandibular, os dentes e os pontos 
em que as forças musculares são aplicadas durante a mastigação (Atchley & 
Hall, 1991). 
O rato usado como modelo animal tem se mostrado eficiente para estudar 
o efeito de um ambiente de carga alterada no crescimento e na remodelação do 
osso. A mandíbula se adapta morfologicamente a este ambiente principalmente 
através de remodelação óssea (aposição ou reabsorção de tecido ósseo). A 
mandibula é internamente reforçada, tendo o incisivo numa extremidade, o 
côndilo na outra extremidade, e o molares firmemente presos no centro. A 
principal força a que ela é submetida, consiste no incisivo e no côndilo durante a 
incisão (Weijs & Dantuma, 1975; Mavropoulos et al., 2004). 
Para entender acerca da influência das alterações oclusais dentais e seus 
efeitos sobre a morfologia do tecido ósseo do côndilo da mandíbula, além de 
estudos morfológicos, é possível a utilização de uma técnica de alta resolução e 
não invasiva, a microtomografia computadorizada (micro-CT), que permite 
análise tridimensional da morfologia e da densidade óssea, bem como de suas 
alterações. A micro-CT tem sido o método de escolha para avaliação da 
microarquitetura em espécimes de tecido ósseo, devido à sua alta resolução e 
precisão (Odman et al., 2008). 
A justificativa para realização desta pesquisa reside no fato de contribuir 
para o entendimento de como o contato prematuro, por alterações na face 
oclusal dos dentes, pode causar remodelação no tecido ósseo condilar. 
Assim o objetivo deste estudo foi avaliar, em períodos distintos e 
progressivos, a morfologia bi e tridimensional do côndilo da mandíbula em ratos 
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Background: The dental occlusal plane can be changed during Dentistry 
procedures. Premature contacts can result in changes in morphology mandibular 
condyle, and consequently stimulate bone remodeling. Material and Methods: 
Twenty male rats (Rattus norvegicus albinos), Wistar linage, with 2 months of 
age (weight, 200-250g) were randomly divided into two separate groups for the 
experiments. In the group 1 (n=15) we performed the unilateral application was 
carried out (right side) of light-cured composite resin (Fill Magic - Vigodent) in the 
upper molars, simulating a posterior premature contact condition. Then these 
animals were divided into 3 subgroups (n = 5) according to the euthanasia period: 
7, 14, and 21 days after application of the resin.  In the group 2 (n=5) the dentition 
was maintained without occlusal change (without application of resin). From the 
early age (two months), these animals were euthanized 21 days. The specimens 
were submitted to micro-CT scanning with a peak voltage of 50 kV, amperage of 
800 mA. We performed the morphometric analysis in specimens of mandibular 
condyle obtained (mandibular condyle right of each rat). After the three-
dimensional reconstruction of the right mandibular condyle, measurements to 
calculate the ratio of bone volume to tissue volume (BV / TV) were performed in 
the CT-Analyzer software. The data were submitted to the test one way ANOVA 
to compare the difference between the periods evaluated, considering a 5% 
significance level. Thus, for each evaluated parameter, repeated univariate 
analyzes were performed to compare the difference in the control group with 
periods, 7, 14 and 21 days. Results: The anteroposterior distance show a 
significant difference with reduction between the control and all periods (P 
<0.0001). The latero-medial distance graph shows the reduction of the measure 
until the 14-day period when comparing the periods evaluated with the control 
group. In 3D bone volume we found that the volume of the anterior and posterior 
region increased from 14 to 21 days. Conclusions: These findings indicate that 
the change in dental occlusal plane results in morphological (dimensions and 
bone volume) alterations in the mandibular condyle of rat model. 





Mechanical stress is recognized as an important factor that affecting the 
metabolism of bone. Mechanical stimuli have an important function in the 
regulation of bone architecture (1). 
The morphological characteristics of bone tissue are influenced by 
mechanical loads. In natural increase of the mechanical loads increase the bone 
mass (2). The bone loss may be observed in individuals with decreased 
mechanical load pattern (3,4). In vivo mechanical loading of bone tissue is 
observed that the load range (5), the number of cycles (6) and the load frequency 
(7) are important factors in bone adaptation. Indirect evidence suggests that the 
most natural loads imposed on the skeleton are generated by muscles, and 
changes in muscle strength are important for bone adaptation (8,9,10). 
 The role of occlusion in the development of temporomandibular joint 
pathologies is still under debate (11). The loss of normal functional occlusion due 
to tooth loss or premature contacts (artificial chew change) (12) apparently 
influence the three-dimensional (3D) structure of the mandibular condyle. Rashed 
et al. (13) reported that the volume of the mandibular condylar cartilage in rabbits 
increased bilaterally. The progressive remodeling of mandibular condylar 
cartilage was stimulated in rhesus monkeys when the vertical dimension was 
increased bilaterally (14). Mavropoulos et al. (15) and Kunii et al. (16) applied 
occlusal devices using changes in rats and Shimomoto et al. (17), and Wada et 
al. (18) using the extraction of teeth in rats. 
In an experimental level, inducing changes in dental occlusal plane can be 
performed in rats as the animal model. These animals have the advantage 
because they are genetically modified and homogeneous, thus reducing one of 
the main factors that can cause wide variation in clinical studies. In addition, the 
rat is easy to handle and that they has been used in a number of similar studies 
with the comparison results become more relevant (15). 
The dental occlusal plane can be changed during restorative dental care 
and orthodontic or surgical management. In Dentistry, it is important to know the 
effects of this type of occlusion alteration, since mechanical changes related to 
the correct jaw movements during mastication, either by premature contacts or 
by overloads occurring by the absence of teeth resulting in changes in 





The computed microtomography (micro-CT) has been the method of 
choice for evaluation of the microarchitecture of bone tissue specimens, because 
its presents high resolution and accuracy (21, 22), including in facial bones under 
different occlusal conditions (15). In this study, a combined approach of micro-
CT technique and manual measurements was used to evaluate the 
morphological changes in the mandibular condylar subchondral bone in the 
temporomandibular joint of rat model. 
Our hypothesis is that the presence of premature contact alters the 
position of the mandibular condyle, resulting in morphological changes in bone 
tissue. So the aim was to evaluate, in different and progresives periods, the bi 
and three-dimensional morphology of the mandibular condyle in adult rats under 
experimental condition of change in dental occlusal plane. 
 
MATERIALS AND METHODS 
 This  study was approved by the Ethics Committee on Animal 
Experimentation (CEEA) from the Biology Institute (IB) of the UNICAMP (protocol 
n°: 3954-1) (ANEXO 2). 
 Animals 
 Twenty male rats (Rattus norvegicus albinos), Wistar linage, with 2 months 
of age (weight, 200-250g) from CEMIB-UNICAMP were kept in collective cages 
(four animals / box), with temperature at 22 ± 2 ° C, controlled light cycle (12/12 
h) and free access to water and feed. The rats were randomly divided into two 
separate groups for the experiments as described below: 
- Group 1 (n=15): unilateral application was carried out (right side) of light-cured 
composite resin (Fill Magic - Vigodent) the upper molars, simulating a posterior 
premature contact condition. Then these animals were divided into 3 subgroups 
(n = 5) according to the euthanasia period: 7, 14, and 21 days after application of 
the resin.  
- Group 2 (n=5): the dentition was maintained without occlusal change (without 
application of resin). From the early age (two months), the animals were 




 In this way, the numbers of operating times between experimental and 
control groups were similar, and the effects of repeated operations were balanced 
between the experimental and control groups. 
  
Experimental design 
 The procedure was performed under general anesthesia using ketamine 
solution (40-87 mg/kg) and muscle relaxant xylazine (5-13 mg/kg) 
intraperitoneally. Once checked the sedation and anesthesia signals, the animal 
was placed on a plate. The induction of alteration of the occlusal plane condition 
was carried out by unilateral application (right side) of orthodontic wire with a 
diameter of 0.7 mm cemented with light-cured composite resin (Fill Magic - 
Vigodent) on the occlusal surface of upper molars, a technique which was 
adapted from Kumasawa et al. (23) with a thickness of 1 mm in the first, second 
and third molars.  
 The euthanasia of animals was carried out on previously proposed periods 
(7, 14, and 21 days) after application of the resin for the experimental group and 
21 days after the initial age (2 months) for the control group by deepening 
anesthesia. The head was disjointed of the body, dissected and removed. The 
head was fixed in 10% formalin solution and 0.1 M phosphate buffer (pH 7.4) for 
24 h at 4°C. 
  
 Scanning and image processing 
 The specimens were submitted to computed microtomography scanning 
on a SkyScan 1174 microtomography (SkyScan, Leuven, Belgium) with a peak 
voltage of 50 kV, amperage of 800 mA. The computed microtomography belongs 
to Microscopy and Imaging Center of Piracicaba Dental School - UNICAMP. 
 The scanning performed presented thickness of sections (pixel size) of 






Figure 1.  Scans of the mandibular condyle with thickness of 6.6µm of cuts 
(NRecon Reconstruction software - SkyScan, Leuven, Belgium) for analysis of 
the 3D bone volume. Example scanning in each study period: control (C), 7, 14, 
and 21 days. 
 
 After the scan, the images were exported to NRecon Reconstruction 
software (SkyScan, Leuven, Belgium) which were reconstructed three-
dimensionally in axial slices showing the x-ray attenuation coefficients with values 
related to bone structure. To obtain the correct attenuation values coefficients we 
based on calibration values for the aqueous medium (formaldehyde solution 10% 
and 0.1 M phosphate buffer - pH 7.4) (24), which was scanned. 
 
 Morphometric analysis 
 We performed the morphometric analysis in specimens of mandibular 
condyle obtained (mandibular condyle right of each rat). For this, we used a digital 
caliper (150mm / 6"- 0.01mm Leit - Zaas) positioned in the extremes (anterior and 
poserior) of the head of the mandibular condyle, resulting in the greater 
anteroposterior distance and in the lateral and medial poles, resulting in greater 
lateral-medial distance. The values were obtained in millimeters (mm). 
 
 Micro-CT analysis 
 Three-dimensional reconstruction of each micro-CT was performed at 




dimensional reconstruction of the right mandibular condyle, measurements to 
calculate the ratio of bone volume to tissue volume (BV / TV) were performed in 
the CT-Analyzer software (SkyScan, Leuven, Belgium). For standardization of 
the analyzes we used the attenuation threshold X-ray and volume of interest was 
determined in the control group. The sample volume was analyzed in the 
structure consisting of 100 slices from the uppermost slice, fully composing the 
mandibular condyle. The bone structure was filtered by grayscale density in the 
range 30-130, in all groups. We determined in software a region of interest (ROI) 
forming a frame surrounding the anterior and posterior parts of the mandibular 
condyle in separate analyzes.  
 
 Statistical analysis 
 The data were submitted to the test one way ANOVA to compare the 
difference between the periods evaluated, considering a 5% significance level. 
Thus, for each evaluated parameter, repeated univariate analyzes were 
performed to compare the difference in the control group with periods, 7, 14 and 





The table 1 indicates the values of mean ± standard deviation (SD) for 














Table 1.  Morphometric parameters assessed in the mandibular condyle of each 









Figure 2. Results show the mandibular condyle of the measures in the periods 
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0.016 62.9 P < 0,0001 




0.008 79,59 P < 0,0001 






0.036 2,962 P = 0,0637 








measure when comparing all periods to the control group, and the values 
represent the mean of the control group and the three periods (mean ± SD)., 
control and 7 days (B) (P <0.0001), control and 14 days (C) (P <0.0001), control 
and 21 days (D) (P <0.0001). The latero-medial distance graph shows the 
reduction of the measure until the 14-day period when comparing the periods 
evaluated with the control group. The lateral-medial distance showed a significant 
difference between the control and the following evaluation periods: (A) (P 
<0.0001), control and 14 days (C) (P <0.0001), and control and 21 days (P 
<0.0001). There was no significant difference between control and 7 days (B) (P 
<0.0001). There was a significant difference between 7 days and 14 days (C) (P 
<0.0001), and between 14 days and 21 days (D) (P <0.0001). In D, we found that 




Figure 3. Results show the volume of the anterior and posterior region of the 
mandible condyle in the periods evaluated. The values represent the mean of the 
control group and the three periods evaluated (mean ± SD). The bone volume 
(mm3) of the anterior region shows the reduction of the measure until the 14-day 
group when comparing the periods evaluated with the control group (A) (P = 
0.0637), control and 7 days (B) (P =0.0637), and 14 days control 0 (C) (P= 
0.0637). For 21 days there was an increase in bone volume when compared with 
the control group (D) control and 21 days (P = 0.0637’). The bone volume of the 
posterior region shows the reduction of the measure until the 14-day period when 
we compare all periods to the control group. The volume bone (mm3) of the 




with all periods (A) (P = 0.0005), control and 14 days (C) (P = 0.0005), and control 
21 days (P = 0.0005). There was a significant difference between 7 days and 14 
days (C) (P = 0.0005) and between 14 days and 21 days (D) (P = 0.0005). In D, 




This study was conducted from obtaining micro-CT images, which enable 
the evaluation of bone tissue at high resolution and accuracy. Kameoka et al. (25) 
investigated the accuracy of micro-CT in diagnosing bone changes in the 
mandibular condyle of rat using normal macroscopic observations as the gold 
standard. These authors suggested that micro-CT evaluates the mandibular 
condyle of rat as animal model with high precision, and moreover, enables to 
facilitate the development and the morphology of the temporomandibular joint. 
The rat is able to occlude with the posterior teeth during mastication and 
also open and close his mouth normally. Jiao et al. (24) affirmed that the rat is a 
suitable animal model and widely accepted for study of bone and cartilage 
changes in the mandibular condyle related occlusal problems. In addition, they 
reported that the results of this type of study contribute to relate the dental 
occlusal changes as potential etiological factors to verify clinical problems in 
temporomandibular joints in humans. In this study, due to its functional movement 
and its biomechanical conditions, mandibular condyle was studied to verify that 
the condylar bone tissue was influenced by changes in the dental occlusion 
induced in rats. 
Here, the change in dental occlusion plane by composite resin increased 
on the occlusal surface of upper molar of rats led to a significant decrease in bone 
volume at 7 and 14 days. These periods showed radiolucent areas, representing 
subchondral bone loss in mandibular condyle. This result seems to be related to 
the alteration of the biophysical environment of the TMJ from this period (26). 
Smaller dimensions of the mandibular condyle in 7 and 14 days, are in 
accordance with previous findings of a reduced chewing led to changes in the 
size of the condyle (25, 26, 27). Furthermore, the morphological differences 
obtained in the dimensions of the mandibular condyles in different periods are 




to the applied experimental conditions (change of dental occlusal plane) in rats 
(12). 
A reduction in bone volume occur both in the anterior and in the posterior 
region of the mandibular condyle to 14 days in response to changed occlusal 
plane. Our results showed a significant difference between experimental periods 
and in the measurements in the bone volume, indicating that there is a bone 
resorption where as the period progressed, suggesting the beginning of the 
development of a bone resorption predominant in the intermediate evaluation 
stages. In the final evaluation stage (21 days) there is an adjustment period of 
bone tissue in response to changed mechanical stimuli (27, 28). 
This research contribute to the understanding of how the dental occlusion, 
by changes in the occlusal surface of the teeth, was considered one of the few 
dental factors with any consistency of evidence in the literature as a cause of 
temporomandibular disorders (11). 
 
CONCLUSION 
The results of this study were in according with our hypothesis that the 
presence of premature contact (change in dental occlusal plane) results in 
morphological changes in the mandibular condyle of rat model. We found 
significant differences both in dimensions and in 3D bone volume when 
comparing the control group with the periods evaluated. 
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Os resultados confirmaram a nossa hipótese e demonstraram que a 
presença do contato prematuro, caracterizada pela alteração do plano oclusal 
dental em ratos, resulta em mudanças morfológicas, nas dimensões e no volume 
ósseo, que foram significativamente diferentes quando comparamos o grupo 
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